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FOREWORD

This work was carried out under the NSWC IR Task 201, Task No. ZRC1309,
Explosives Chemistry for Weapons. One objective of this Task is the synthesis
of new explosives ingredients which will enable the formulation of energetic
yet insensitive explosives. In the work described herein, an attempt is made
to clarify relationships between molecular characteristics of explosive
compounds and their sensitivity and performance properties. A better
understanding of these relationships is needed for the successful design of
new insensitive high-energy molecules.

Helpful discussions with Drs. M. J. Kamlet and C. Dickinson are gratefully
acknowledged.
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i

INTRODUCTION

Explosives which combine high performance with insensitivity (IHPE)* have
been a goal of military explosives development for some time. In one approach,
highly energetic but sensitive explosives such as RDX and HMX are desensitized
by embedding in elastomeric polymers (binders). The result is a series of
explosive compositions with "intermediate" sensitivity and performance
attributes which are of great practical value. This approach is currently being
refined and extended by the use of energetic binders which are expected to
increase the performance of these compositions without significantly raising
their sensitivity. Some use has also been made of the kinetic effects present
in "non-ideal" explosives to affect the balance of performance and sensitivity,
for example in such materials as PBXN-103 and PBXN-105.

Recently, another approach to IHPE has received consideration, in which
intrinsically insensitive materials are sought which as a result of their
molecular properties also possess useful performance characteristics. TATB and
NQ are currently the prototypes of such compounds. Since their energy content
is comparable to TNT, their utility is, however, limited. The question arises,
can other compounds be made which are as insensitive as TATB and NQ but have
higher energy, or, more generally, can we synthesize new explosive compounds
with other and more attractive combinations of sensitivity and performance?

To pursue this question, it would be very useful to know how explosive
sensitivity and performance are related to each other and to the structure and
molecular properties of the explosive compound. Although a number of limited
studies relating sensitivity or aspects of performance to molecular structure
have been made 1 , the only attempts to interrelate sensitivity and performance

"The terms, performance and sensitivity, are used here in their broadest
definitions. Sensitivity, for example, encompasses the response to thermal
loads, to low strain rate mechanical pulses, and to high strain rate impact
phenomena or shockwaves. Performance includes underwater shock and bubble
effects, airblast, and metal acceleration.

IPrice, D., Chem. Reviews 59, 801 (1959); Kamlet M. J., and Jacobs, S. J.,
J. Chem. Physics, 48, 23 (1968); Delpuech, A., and Cherville, J., Propellants
and Explosives 3, 169 (1978); Hill, M. E., and Guimont, J. M., "Desensitization
of Explosive Materials", Final Report for Contract N0014-76-C-0810, Dec 1979.
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appear to be those by Kamlet 2 and Kamlet and Adolph 3 involving correlations
of impact sensitivity with oxygen balance. Oxygen balance can be regarded as a
molecular parameter qualitatively related to explosive performance although no
direct proportionality with any specific explosive effect has been
demonstrated. It was shown that log(50% impact height) is a linear function of
the oxygen balance for four classes of nitro compounds, but with different
coefficients and constants for each of the four regression equations. Thus a
relationship between impact sensitivity and performance as well as an effect of
molecular structure on this relationship has been demonstrated.

Since the completion of the impact sensitivity vs. oxygen balance
correlations 2 , the molecular properties which determine explosive performance
of C, H, N, 0, F compounds have been identified at least qualitatively if not
quantitatively4 . It appears now that most types of explosive performance of
such compounds can be understood in terms of the detonation energy (Q), the
number of moles (N) and molecular weight (M) of detonation gas, and the crystal
or initial densitq (po). Since these molecular parameters are relatively
easily accessible , it appeared that the relationship between sensitivity and
performance of explosive compounds could be defined further by investigating the
relationship of these molecular properties with explosive sensitivity. Some
initial attempts at such an investigation involving the quantities N, M, and
P0 are reported here.

2 Kamlet, M. J., "The Relationship of Impact Sensitivity with Structure of
Organic Explosives. I. Polynitroalipharic Explosives", Proceedings 6th
Symposium (International) on Detonation, San Diego, CA, Aug 1976; ONR Report
ACR 221, p. 312.

3 Kamlet, M. J. and Adolph, H. G., Propellants and Explosives 4, 30 (1979).
4 Price, D., Chem. Reviews 59, 801 (1959); Kamlet, M. J., et. al., J. Chem.

Physics 48, 23, 43, 3685 (1968).

*In the most simple approach, N, M, and Q can be calculated (using Kamlet's

definitions 5 ); p of new explosive compounds is often routinely determined.
0

5 Kamlet, M. J. and Jacobs, S. J., J. Chem. Physics 48, 26-28 (1968).
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i
EXPERIMENTAL

DATA BASE

The major problem in attempting these correlations was the compilation of a
suitable data base. It was obvious from the outset that the only sensitivity
data available on a sufficiently large and diversified set of nitro compounds
were impact sensitivities. The difficulties in comparing impact sensitivities
determined at different laboratories are well recognized, and the problems of
reproducibility of impact sensitivity data even using the same machine have been
amply discussed2 ' 3 . Relationships, or the lack thereof, between different
types of explosive sensitivity and sensitivity tests have been studied by
Urizar, Peterson, and Smith6 . The impact sensitivity data used in the present
work were all determined on the same NSWC (formerly NOL) machine whose operation
has been described and discussed in detail 7 , but they were obtained over a
period of more than 20 years by several operators who used different means of
detecting a "go". Thus the impact sensitivity data were collected under partly
favorable and partly unfavorable conditions.

A further complication was the need for additional experimental data besides
impact sensitivities. While N and M can be calculated and Q can at least be
estimated from the chemical composition and structure of each compound*, the
crystal density must be determined experimentally. Unfortunately, for many
compounds synthesized during the past 25 years or submitted to NSWC for testing
either density or impact sensitivity were determined, but not both. This
restricted the set of suitable compounds to no more than 230. To take into
account at least some of the structual effects on impact sensitivity noted by
Kamlet 2 , 3 , this set was subdivided into nitramines (76, Table I),
nitroaromacic (59, Table 2), and nitroaliphatic compounds (64, Table 3).
Compounds from the original set of 230 which did not belong to one of these
classes are not included in the present analysis.

2 See Reference 2 on page 2 .

3 See Reference 3 on page 2 .

6 Urizar, M. J., Peterson, S. W., and Smith, L. C., "Detonation Sensitivity
Tests", LA-7193-MS, Los Alamos Scientific Laboratory, April 1978.

7 Ref 3., p 34, and Ref 3., footnote 14.

See the previous footnote, p. 2
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4TABLE 1. LIST OF NITRAMINES*

Vr-M-14O..W I',. N02# NM11  a0

1440%4041uo 1.05 1.47 16.7 1.74M -%064 "FTHYL~rNF O?1WIRA"TNF IHrn1N*)
V0168%4144 1.43 1.343 16.6 W1.7 .064 ETI4YLFt4 OtNIY*6flNF irfn"lI
N4,1060911041 4 .6 e.7 17*4 to7M4 -. 002 ?PINTTROFTHYL ##ETHYL NT76aI1TNE
306620880 1.10 1.610 16.0 t.770 -.030 TPTNTT*OfVYI~LNIT4OGUArdZOTN1
106060600 1.10 lakY 17.6 1.606 .0010 1,3,4-TRINITAAZACYCLONEXANE MMUX

~ ~ t:P S:1:620 :O61. N.44CVHyt FTHVLVN~rOTN1TftANTNP iIRMN
I.088606040 1.01 1.41 17.0 to.71 -.003 TWT"TTROETHYL CY'ANONET"YL 14TTRA"TM9
#46406100? 1.20 1.96 17.7 1.410 .011 Ot4IPLUOPOflTN!TQOVTWYLINT1WANTNE
404061400 .40 1.3d 17.6 1.470 o072 SISITIRNTRfOFTHYLI NITRAMINE (OTHER)

444041100o 1.23 t.41t t07. 1.724 -.0137 "N-I4EHYL-N-Nt?.O..TRTNTRyOvyHYLICAp.ANATE
460466 .0 .6 64168 .012 NN4P-fn"FTMYL-NNP-B1N1TqR0-wXA"TO6

44O,666Mo 1.23 1.47P 07.6q 1.77 -. 002 N-NI?7O-N-ITTNTNTROETNYLIGLVCTNEAMIIDE
%44101641100 .62 t.4 07.%6?* 1.630 .043 TPfNZTROET"VL NTTRAYTOEYNYL MITRAIWIE
k4670111 t oN letSi 11.4 1.600 .145 N-N[TRO-N-IT6INltTREOTMYL)ETHANESULPONANtO!

ioaog1.41 1.0; I7.6 1*100 *.11o 1.3.;,7-TE?;Rn,;TRAACvntoocyaew:;mW
100660 0 .6 1.AI a% o26 17.1 1.138 .037 '.- NTtIt II ZA -I# -PEN TAN f 1N tT 0AP TN E

%0769111 lt tg .4IG8 9 TRINtYROETMYL "-FTHYL-N-MKTROCARDAMOVE

660161100 1.36 1.S7 17.4. 1.770 .o's6 1,1,-TPINTTSOý-6-03!TRATO-3-P417*ZAlIHEXAN
404606901 1.33 1.41 17.08 1.75 .00" (2#?-f1TH1TftOPVOPYLI WtTRATOETHYL WIIRARNME
oqoGqmOS1 0.6? 1.41l 1?..0 1.623 -@DO7 TIWtYNTOETHYL ?-METHOXYET14YL NITRAMINE
4IRMS41 1.0? 1.41i 17.4f t#770 e061 1,1,1-TRTe4UmO-39.-OTNTTRAZAM4EPTAN
R6O006000 1.44l 1.47 16.q 1.620 .016 4,4-OtNKTRO-2,6-OINITftAZAHEPYANE

%1$068400 1.4k 1.7 16i.6 1.654 .031 3,3-OTNTTRO-t,4-PEHYANE OTNTTRAMN!N
910101400 1.00 1.36 t6.1 1.1013 .020 1,4-O1N1TkATG-2,4,6,6-TETRANITRAZAWCWANE
6061A1408 .76 1.664 17. 1.440 -*Oil 1-NTRt)-2,9)-S1SITP!NT1RODqETHYLIPYuOLLIOtt4E!
V.06041600 .65 1.67? 17.4 1.644 .014 TRINTTROFTHYL N-ITRTHITROFTI4YUNIIRPIMNOACETATE
60601600O .40 1.407 17.4 1.016 -.014 TRtNtTYOETHYL 14-N!TRtO-W-ITRItIITROPNOPYLICAftIAMATE

6090illf~ 1.64 1.26 16.6 1.600 -. 034 TRTNTTROVTHYL 4-NKTRAZAPVMTASOATE
WS40IM0 10.4 1.67 17.1 1.614A -.044 TNTNTTPOPROPYL (22,-0TNTTROPPOPYL1 WITRA14INE
S0607290 1.16i t.6% 17.1 1.740 .032 TRNTNTROVTNYL ?P9,4-DNIIRAZROVXANOATf
6064071M0 1.21,I 1.62 17.1 1.736 .034 TRFNITTOETNYL 1393-OIT4ITT60UTYL) MITRANTNE
St1f06t0IO 1.41 1.13 16.7 1.726 .016S GIS(2,2-flIrTROPROPYLtt4IlRA"IWE

641061600 2.22 l.01 16.6 1*940 v032 1,V-OfMETMO)XY.2,4,6-TRTNrTA7AHEPT0WE
641016404 1.71 1.71 16.64 1.660 01O 3,6-'OTNItRAZA-1,6-OCTANFYnINTIRAMIIIW
74060300 141,1 1.34 14.6 1.?30 .000 N-"MENYL-N,?,I.,6-TETRANI,6nkw:lINf ITETRYL)
V61010001.02ft 41.4 17.3 1.A67 .518 S1TA(tqRNyTROr.VYL) 2,4-flTNfTPAZApENIANFII!OATv

7081%0.ltool 1.41 16. 1700 -.010 top-OrNITROPROPY 9,9,61-TRTNtTRO-2-NRTRAAAPENTA"OATE

TOO6710g 1.13 tools 106. 1.733 .019 T*INTTROETMYL 6t,4-OTNTTRO-7.WITEAZI3EXANOAVE
766407 140# 03 1 .* 4 t*4i 116.4 1.700 -.018 TRTNITTOETHYL ,O11O-.TWADI!NOE
7O406116Og 1.32 1.45? 17.? 1.770 .00q 1N-WT1W0-NNP-STSITRTNt'VIOPOPYLIUREI
701,04tOO 1.71 1.4? 17.1 1.7600 .021 TRYMYTROFTNYL 6,6G-fTNIlRO-t,4-Ofl!MIIIAlMEPTANOAtg
606061201 1.00 1.?? 14.6 t.79,0 -.001 N- I T% tNtTI OE THYU -N-N? T R 0-- ~16ROIE WEW StLp ORA" WE

Ooi A ggo 41.100 .1 7t oqt.0 t.770 -. 011 StIMIRTNTTROETYyL) 3-M1TR67APIENYAMEtITOATI

4
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TABLE 1. (continued)

E¶-N-.G~Ov is. NO2 # Nm 1/2 p.

40122206O lot0 t.55 17.5 1.110 -.15#3 OTSITRINITYOEfHYLJ 2.0,56-701N1?OAZ*IIEPTANEntOAIE
4 017010 1.57? l.10 IS.? 1.511l .065 ,29-11INITROPROPYL %,K-OntTTRC-2-NITWAZA*HVXAN0ITf

814061106 1.40 1.511 IS.! 1.717 .170 S01't(2,2-0N17ftOSU1VL)N1R4"NKNE

At50010004 1.06 1.61 15.1 1.690 .114 W,14P-OINITOO-N.NP-01S13-NITWOA756TYLPOXONIOC
011160a111 1.os 1*44 15.5f 1.'510 -.092 vR,11p9-TcRuANTTRioo?-5-OzTeOOAZAOECSNE
Ot~lfoIsg 1.57 .040 17.5 1.015 *t0x *!TS(5-ANYNO-2,P-DtN1TROUU1YLIN!VP*NTNI OTWII0ATE fSALTI
404041h20 1.26 1.ll V5.0 1.763 .ll?7 p,3# -TIISINE9THYLNITOANNO1 -too##6-IOTWITYOOEN2EWE
4101611001 1.l1 1.56 1601 1.8006 *614 NNP-flrNRO NFTHYLEME BITS094000-TRINITWOIUTYKANIorl

41115,166 1.0 1.4 17.s 1r.9 5 .os 037 *1S(S5,9,5-TRTN1TRO.3-NITRAZAPENTANOYLI WTHYLIFNE0101tTftN1NE
I171281000 1.36 1.10 17.1 1.751, -*lo1 NFfl4VLFNf *13II5,5,-?R1NTTRO-3-NTT0DZAPPNTAWOA"Th)EI
Mt21221116 1.0 1.5 17h .3 1.411 .050 i,1,1,6,6,11,11,11-OCANITTO-3,19-OINITOAZAIJNOPCANE
01p17loss 1.00 1.65 17.1 1.010 .65!q 1.1,1,6,5,11,11,1i-ocTANtTRO-5,0$-OTN!TRazAUNaECANE

1012001060 1.55S 1.02 16.5 1.636 -%662 SISIYITITROETHYL) %-NTTRAZAIIEPTANECIOATE

101t21026601.55ok t1.5 16.A 1.730 -*SOS STSITRTH!TTOFTNYI. 3p6.DTNfTTAZ*OC1SNEDOY0Tt
1011212100O 1.05 1.30 17.2 1.?77 -.0616 11151TWOINTROETHY1.1 2#590-TlMITRAZDWNONMEDIOOE
1615001586 1.57 l.71 11.0 1.5610' .020 WNoPOTWTT~fi-N,NP-041t(3,3D!N1"T0OBUVTYL)OANKoE
104166163 1.05 *8 to0 *16. 1.65q .0515 55S0TT*10-,1t11RT-.1'2UOC
M06142890 1.10 1.513 17.3 W1.12 .001 1 s1Iv1I Iv 5,1#5-HEXAN IY00-lp6 vs1 9-I2IlRANZTRAZA TETRADECANE

1112122506f 1.31 1.55 17.1 1.766 -.02l?7q?.-0fNTTR0PQ0PW0TOI. *TsS1,5,,70INtTPO.2-N1TN47APENT0NOATEI
ttift?2500 1.00 1.55 17.1 1.753 -.310 OSISTRIN1TROFTMVL) 5,5-OJNT?3O-2,0-2INtTftAZANCIN0KO1OATE
1110161500 1.55 1.646 15.5k 19700 .17*to?121-EATRO51-IIO*ASICW
Itt011t606 1.07 1.56 16.4 1.675 sSt7771,2-4ENtO59OTT~210DCN
triler10160 o1.10 1.30 16.2 1.650e -.021 1,5-g1l5tg,5,5-TRINITPO-2-NtTWAZ0PINTANOATE,-l-OUTVYNE

o~flslmfoo &t.o 1 *1' 16., 1.7F0 .0611 819SITWINTROFPIYL) 407-0tNMTRZADICINVOTOOTE
1 2161515641 1.2 1.315 17.0 1.780 .655 *TSITRTNITROFTNYLI 2,5,0,11-TETRAH11RAZAlofleC*NEDrO0T!
I PtA161fi6 1.06 1.67p 17.3 1.751 -.01l a,1,s,6,6,i0.1oo.15t,Is.1-nVCANYT70-3,6.13-TOINKTRAZAPENTAOECANE
1311611060 So15 1.16i 16.! 1.660 .027 top,?fT"IVOPOPOPONEDIOL01. 45.59-01N1130-l-NITTAZAHEKANOATEI
1i6tAI631O11 1.30 1.55 17.1 1.757 -.602 5131TOTNITROIETNYL 5,5,!,!-TFTWAN1I00-2,7,11-?RINITRAZAT02OECANED1OATE

1100701.11 1-66 16.0 1.764 .013 1.3.5-TOIIS,1-OVO-5.,5-TRINtTRO-3-NIIOAZApENTYLI-S-TRIAZACVCLON4EXANE

NO # -MOLAR NUMBER OF NITRO GROUPS PER 1O0g OF EXPLOSIVE

NMi/2 -SEE TEXT
Po - CRYSTAL DENSITY, g1/cm 3

AP DENSITY DIFFERENCE (OBSERVED-CALCULATED), SEE TEXT

5
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TABLE 2. LIST OF NITROAROMATIC COMPOUNDS*
A CN-N~W .S. No 0 N 1/2 pq, A

13"0%100 2.19 1.16 16.*3 1.676 -.065 46-NVTHYL-305-flITtT0OTRTAZOLE
4461IM16 1o'9~3 1o?7 14.6l 1.646 -.129 20S-OWNIT~nflPIJO
4044616061 1.94 1.24 16.q# 1.747; .310 4-(l-NrTY~flTHYtl-3,6-DIN!1WOTRIOZOLE
4I0641706 1.34 t.30 14.1 1.07 81011t 2v,6f-VTT1NITR0PVRONf-N-OXTOF
0600030*63 1.97 1.17 13.9 f.006 .067 1,l#,5-TR!VLUOPO-2l,4,6-TRtNtV3O6ENZENE

A 10361g2g 1.66 1.10 t4.4 t .040 .604 1,3-flTPLUOPO-2,4,6-TwTNITTROFNZENE
6021140402 1031.4 10 5.1lo 1.971 sell 2,4, 6-Tff!r11TRfl-3,-0IFLUOROANILTt4E
6626061060 1.10 1.67 15.4 1.70 -.135 PtNYAN~TMoANYLT'If
664363606 1.66 1141 11.9 1.606 .0039 103,0-T61NTTROBONZENE

5031676 .941.1 1.41.763 -.109 ?0406-TRINtTROPMENOL

643480101061lot?1 1.9029~ .006 STYPHNIc ACT1l

640406600 1,06 1. t 5.6 1# .660 .616 2039,',-YETRANtTmO-,6OA IANN0HEf
*Of# Of$960 .01W 1.R3 146.6 1067 .901 1,416-OTOMT401,,TR O!~tNTT0EZNE(
ASI#Of50701.3.6 1.16 15.1 1.969 .159 3,5o-flt*TNO P*ICOIC TAC! OFUOOBN)
V646061006166 3.1 1.16 15.6 toll0 .126 l,3,5o-'tETRPITNO-2,46-YPINfl'OSENZENE Tn

7686466064 V.1n 1.2 13.4 1.710 -. 006 2#406-TRINTTROONZONJTPILE
"ill6ies0 1.26 1.011 15.5 1.670 .009 2&4,6-YU1W1TtROFLUORO0TN1TROflETNYLIINZCN(

7404646710 1.62 l.t7 14.? 1.710 .614 2,496-TtRNITROOSNZALCOOTINE
709630600 3.Q I0 P t.~334 1.610 -@023 1-bDrwrTROaETmvu-3-NyTROaENZrNC
VDOW01I600 3.20 1.31 13.0 1o656 .021 2,4,6'.TRINITOOOLUENE (TNT$
705030700 ,. PA 1.23 14.6 o1.6o0 .13 3-NITHYL-?v 4 6-T~tN1TTQPHF#IO1
404061160 I.11 1.60 19.59 1.030 .023 TAINITRO~rTHYL-V,4,6f-TR!NITROOENZEEE

465016600 lent t.il 1204 1.607 -.000 2,406-TRINITROSTYRENE
067091001 lot7 1.16 13.4 1.700 -o03? N-h16KN!TPOE1HYL.I-I4-W1T9OSEN1FNESULP0NAHT0E
460?01001 .1 en .t10 13.0 1.79O .043 N-ITRTNITRflTHYLI-P-NIT~tOSFNZENESULFOMA9IDE
9864061406 1.36 1.43 15.9 1.000 -,013 TPtMTTROFTNYL Zq4#6-TRNINTTOrENZOAT3f
400616018 lose 1.1l 14.6 1.780 .093 FLUOR ofnt"ITROF THYL 3,5-OINTTOOSENZO5IV

%Oq 015 P6 SoNS 1.33 15.0 41.696 -. 087 1'PtNTYROOTHYL i,5-nDWTN1TO6NZOATE
141;0901360 1.069 1.10 14.2 1.640 -.139 TRINTIROVTIYL 3,s-OTWITROSALICYLATE
96vO07060 1.90 1.18 1h.t 1.756 .036 4-(?,4k-O1NTT~flDfNZ'L)-3,0-OTNTTRO-1,fl,4-TRTAZOLE
96OS06 I600 , .1) 1.6os 13.3 1.1484 -vG%4 4-tP-NTTROOSFNZ)'LI-3,5-fllN~T7O-1,2,4-TRIAZOLE
9406061100 1.32 1.154 15.2 1.700 -.01#3 1- TRINtYROPROPYL I-f At 6-TuI oITUOIENlENt

46616?6lt 1.%% 1?44 t1.6 'G.t650 -.025 l-YTIRPtPL-24O4TOEZN
114060460 3.006 tol6 Sion l.ses .067 lo,4,A,-TfTRAN1TRONAPHTHALrwv (TNW1
I07910 3.3 1 .10*3 or t 1.7v1.o00 -. 0%b 2,P-OnTwTROPO0PVL Pv4o6-1RTNITVOIEfWlOATtO
SP64861M6 1.91 1,401 13.7 1.74C . 000# Fv ?Pp4 , %Pp6,6P-HAN fV*TOBTPHFNYL
19640614661. to* .So? 14.1 1.620 -*606 3,3P-OTNYOOXY-2,2P,4,4oP,6,6P-HEXAN1TNOBIPHENYL

IP041mones 1.41 1.13 12.9 1.6P.0 .069 TICOT
1765671360 .060 1.37 1t*.$6o o I.6 *001 *0E2,oftb-YRt~1wROPHNVwL1 ANTNF
P106013120 317 1. 1 1 1 4.p 1.790 -0005 3.IP-flIA~lNO-1,IP,4,47,6,6P-N4EXANIIPO@IPHENVL IOIPON)1

1344 q I1160 l.?3 1.31 13.6 1.760 .039 ,?4.P6fWATU!NOINNEIPIEN(POI
1440401160 1.31 1.t? 13.A 1.770 -.664 f#0-nFlIPZCOYL-1#3pk-OXAOIAZOLV

1%16061160 1.04 1.31 13.2 1.740 .630 Zv ?Pp ph7,6,SPHEX*N I¶PO¶TIL jFNF INNS)
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TABLE 2. (continued)

fC1-U0-N- IS. N020 NMM 12Pa AP
1001 4gq7114 1.4 3. 1 2.1tfo 1.718 -*.633 2-OPCV?1O
1%4q6p71461 1.44 1.17 12.4 1.746o -. 666 2,5.fTPICRIYL-3-NtTWOTHIOPH1`"E
146461414 1.74 1.18 6134 1.761*lo .662 9 6 0 4P 91PPy 4PPOPPMEP VAN I worOP 6P-0T A?I--NTE6PNNYL
16#9914146 1.74.6 1*1.4is 1.744 .642 1 of a # P 0 PPp4PP@G PPHEP TANI TRO-f4 oP,6PIA UA*YMPE 1YL

16416061141 1.?! let* lie? 1.766 .667 fog-OTPtCRYLYThOPHENE
16466661166 t.74 1.1? 11.6 1.7264 -901? 2#1,-flTPCfYUPII6N
1014g4161400 1044 1.47P t~o 1674t -0413 f2OPP* PP s4 94Pq 40109 Go P j PP.4404AY6TVR6O*T~FtP1FNYL INGNA)
1460441466 t.g6 1.164 130? 101144 .649 0 P,,P4P44,P~CAT0N2PEY
16614060441se 1.4 6 1.14 11. 716 -.630 1,l PP,1PP 1404PP s Pq Go PP..OCTAN14T OP-TIMIPHNYL

1464693401 1.77 1.1& t3.r 1.760 go"6 1.1P,,PPI,4,4PP,4,4Pg9PP-OCTANITRO-PTE1RPHFNTL
*10241FIACI t.41% 1.104,U 13o .7?f -m36 614 ~Ptf.Yt-s-TOf~lgkr
V4419666 1.646 tool I 1. 1.446o*tof -014? DOWKpCN!T6OGUATIRPEq NYL 4OOOPCA)
1 M641096 1.06 1.17 11.6 1.76 -*66? AM 11,P44,,P-E*IfOIWNL IAGMI

*SEE FOOTNOTE TO TABLE 1
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TABLE 3. LIST OF NITROALIPHATIC COMPOUNDS*

~~WNR Ie1.. P402 0 M1/2 Po AP

V43010624 jo? Self 11.6 1.872 -.S8? .,1?t!POT1~
1404114,484 $.78 t.34. 17.7 1.75 -.122 YP1NtTRIFTM"I. CAR8AI1ATF
30'.S8.68,6 1.41 1.70 17.7 t*7q5 .fell ,,3TN~RP6PN
3RA08.686t 1.11 1.18 t%.7 t.740 -o628 N~tTRIWITROCTIIYL)WETMfAwrSULFONANICi
16068601S1 1.16 1.47 11.1 1.481 -.835 81IR(TOMYTTOFTHYLb SULFITF

4@64472106 .At 1.87 t7.7 1.888 .019 NN-Rt'YRTN1TQOFTHYL)4YOROK'tLANIN1
4060640700 1685 1.35 18.8 1.758# .075 TR?#4TY6oBUTY8Aw1Cr
44fi086860 I.WA t.rs 1ro1 1.881i -*634 METHYL N-ITfttNTTROFTI4YLI CAROANATE
44004i048t 1.76 1.10 15.3 1.710 .02q N-ITOTNITftOETHYL)ETHANESULFONANIOEJ
404"610100 1.2 1,461 17.2 1.886 .615 9!ISIYTWNITROEFTHYLICARIONATF 11lN!CI

"44,0411,89 .58 1.96 t7.3 1.490 -.516P NNP-6ITS(T6TN1?ROAC2TYLlNITN'VLFNEUhANTNEP
5001.6 .61.81 t7.9. 1.68A .0688 1,1,1,3*5,'jSHVPTANITPOPENTANF

016168106 l.2l 1.61 17.5 1.77 -.08T 0TSITR!N!TPOEYNOXYMEFII4NF
400081.760 1.65 1.27 18.? 1.88.5 -.126 N-(2-POPVL)TRTNtTR0ACPTAN!OIF

64%06160618tl 1.8.8. 17.6 t.830 -.III SMI5ET8NXTROFTNVLI O)(ALATI!

44t6041?I1 1.78 1.55 18.5 1.731 -.615 PLUOftOOINITROETHYL YNIWTYR000UTY04TV
646651614 1.11 tog% 18.5 1.??* -.036 TRINTYROFTIIYt FLUOPOOTNITROBUTYRATI

06808018.66 1.78 1.9 17:1 1.783 .001 IRTNITROETHYI, 404.4-TRINIT-TOIUTANCAE TNTI V

AIAM48 toll1*615 1 .756o? -.673 StSET8.TH178OtTHYLIOXANT0E
P8852261 1.18 1.5' 18.8 1.736 -.006 TRT%(T0INtTP0ETIIYLPPI4SPI*TF
88076411306 1.18 1.f6 17.0 1.626 -,.1I1If TRTNTTF#Or?HYL 2,.t-,INITROPPOPYI. CARIOWATE
867671366loe 1. t 1.58 17.1 1.758s -.611 N-(TRINTT~fiFTHYLS-8.,8.,8-TR!NITSOSUIYPANIOE
86765148.6 1.36 1 .4i6 17.8 1.68.6 *061 1,5-DTSfTRTN1TROETHYUSI8URFT

8686811601 1.241 1.43 18.00 1.781 .526 UDISIT TWTTRfiPROPYLI SULFONF
06t108.6756 1O..0 1.70 15.8 1.8.8.2r -.a?? N~E-I UTYLITOTN1TROACEr8NAfl
747652100883 1f .63 t7.4 1.800 -.0131 TRTSITR1N[YROEYNYLI ORTHOFflPflATE

7968::t.: 1.26 1.6, Ii* 18.4 :13 ::0'. N-ITRtNIRwnorYL)-3;a#SgS-TE':RANIT:07P7IpoToNE

765041206 2.18 1.41t 18.8. 1.860 .628 ?,P-fl!NTYROPROPYL YTRITTROPU1YP875
?@0 O'S12604 1.5 1.41 18.8 1.400 -.058. TRINtTTSOFTI4L 8.,8.-0fNITR0VALERATf
'160841365 1037 1. 44 16.4 tor18 .006 VTS(TSTN~tYCPWOPYL)UPEA
M1061300 1.78 1.8.5 18.5 1.581 -.151 814161t.1o-TRNTTRO-2-PPOPYL)UREA

RA'O 8 A081866 t.1 1.38i 18.0; 1.72? -.04%5 1TR15(1SNTTPO7TMYLI FUwNARATF
407092766 ?A8 I 4;o 17.' t.780 -.08.5 TfRTHTTOlrTtYL A1,1TRzNrTRorTIPOXY,*Cfr*TF

40818.6861 1.08 *048 11.0 '1 .%40 -.024. N-1TQTNTTnFtf1TNYL AFN7FNf SUL7ONAN16

048AA49OR 508 t.. *1.60 16.01 1.770 .002 TPTNTyP0qjTY$lr? ANNHYVSTnF

k.." ob186 00IS 1.58. t. r#018. 1.887 -e842 erISITWIN tvPoFTg1YL I SIMCCNATF

816618.68 1.166 1.44 1A.' 1.85? -.030 NN-(OVSITRPTIWPOP PYL)OXIN5*9flFTPNTOfffl
41181768s 0.86 t. IA6.1 1.8060 .078 r#?-nINTTRa~uTYL 4ipe.,8-TRINfTP9TSOSU ATINO
81165116 1.18. 1 .44 18.1 1.886D .SA TPTMTTQQFTIIVL &pi6-nltNtTso~rVAN0ATF

46766561040 1.0 1#4tl 3*0 1.868. -.636 TRTNTTRoFrHYL SALICYLATF

414XI22N66 1016 1.88. 17.1 1.880 -.8135 TRINTT.OOrTHYL floy"lCARpflN8Tr (Twroc,
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t ~ oM toI Pp I4 TR.!I NITUVCT14Y PIIRHtWYPOUUTYFaP

1.26e~g tG 07 i~fte 01 Pv4Tr~y~wiT. msTRT0rHTwpNO TUUNATMOE) A

lboq 179-16 T#SITRTUTROFTHML CU7HOSFNTTOFTrYIUAN0d
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Following Kamlet's arguments 2,3, impact sensitivities are plotted as
log1 0 (50% height). Crystal densities were determined by flotation or x-ray
diffraction. N and M were calculated according to Kamlet 5 , using the CO2
arbitrary as the basis for determining the detonation stoichiometry, except that
HF was added as the first product in C, H, N, 0, F compounds, and that N as used
herein represents the number of moles of gas per 1o0_. of explosive.

COMPUTATIONAL TECHNIQUES

All calculations, data handling and plotting for this study were performed
with the CDC 6500 at the Naval Surface Weapons Center, White Oak, using an
expanded version of the code, DENSTY, used to develop our method of "normal"
density estimation8 . This code produces and uses a data base consisting of
packed, variable length compound records containing the number of words in the
record, a reference number, sort code, the density, melting point, impact
sensitivity (stored as loglO 50% height), class designation, molecular
contents (atom types and number of nitro groups), and text (name of the
compound). For this study, the class designations used were nitramines,
aromatics and aliphatics. Between runs, the data base was stored on magnetic
tape as a file containig 1000 word physical records.

As this data base file ic read by DENSTY, the calculated "normal" density,
number of nitro groups per lO0g (N02#), moles of detonation gas per lOOg (N),
and NK1/2 where H is the average molecular weight of product gases are
calculated for each compound and stored in the computer memory along with the
data from the file. The density is calculated as previously described 8 .

The PLOTR subroutine of the DENSTY code can be called to plot (using the
line printer) any two of these quantities stored in the computer core (Fig.
1-18). In these plots a letter denotes a single data point; a 0 indicates
multiple points. In like manner, subroutine TRENDR can be called to calculate a
two parameter, slope-intercept least-squares line between any two quantities.
Weighting schemes can be applied to the data for determination of these line
parameters; and the lines can be included in subsequent plots as shown in Fig.
1-18. TRENDR also calculates two types of correlation coefficients between the
unweighted data as given in Table 4. The "least-squares" correlation
coefficient is calculated with the following formula:

n XiYi - ZXi ZYi
LSCC

.z -(2;Xi) zi-(2;yi)f'nin JnZTi

2 See Reference 2 on page 2.

3 See Reference 3 on page 2 -

5 See Reference 5 on page 2 •

8Cichra, D. A., Holden, J. R., and Dickinson, C., NSWC TR 79-273, Feb 1980.

10
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where n is the number of compounds and Xi and Y1 are the values of the
designated quantities for (compound) i. Possible values of LSCC range from
+1.000 for a perfect direct linear correlation down to -1.000 for a perfect
inverse linear correlation. A value of 0.000 means no correlation - perfectly
random values.

The "rank difference" correlation coefficient does not depend upon a linear
relationship, but measures the extent to which one quantity increases or
decreases as the second specified quantity increases. It is given by the
following formula:

6 Z(Ri - Si) 2

RDCC=I . .1 -
n (n 2 - 1)

where n is the number of compounds and Ri and Si are sorted list locations
of the two designated quantities for compound i - that is, I for the largest
value down to n for the smallest value of the quantity. Values of RDCC range
from +1.000 if the sort orders of the two quantities are identical down to
-1.000 if the sort orders are exactly reversed - the compound with the largest
value of the first quantity has the smallest value of the second quantity, etc..

Another subroutine of the expanded DENSTY code, LSTSQR, can be called to

perform a multiparameter least-squares fit to an equation of the following type:

y " C1X+ + + C3 X3 +

where Y, XI, X2 .... are measured or calculated quanitities stored in the
computer core associated with each compound of the data base. One of the X
quantities can be specified as unity so that the relation is of the following
type:

Y a C1 + C2 X2 + *3 X3 +

This option was used to determine the coefficients of the multiparameter
equations relating logl 0 h5 0 to N02#, NM1/2 and P. given later in this
report (p. 13 ,1 4 ,15). A calculated value of Y (in this case, logl 0 h5 0 )
determined with the derived values of Cl, C2 , etc. is stored in the computer
core for each compound. These calculated values of logl 0 h 50 were then
compared to the measured values by subroutine TRENDR to determine the
correlation coefficients given for each relationship.

11
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RESULTS AND DISCUSSION

The first correlations investigated were between impact sensitivity (as
log1 0 h5 0 ) and N, the number of moles of detonation gas per 100g of
explosive as calculated by the CO2 arbitrary. These plots showed very low
least squares correlation coefficients (0.26 for the nitramines, 0.05 for the
nitroaromatics, and 0.19 for the nitroaliphatic compounds), indicating complete
lack of correlation between these two parameters. It was tempting to conclude
from this observation that optimization of N might be a mechanism for increasing
performance but not sensitivity, until it was realized that N is not an
independent variable because in a system restricted to C, H, N, 0, F it is
coupled to M via the CO2 arbitrary.

Kamlet has shown that, for C, H, N, 0, F compounds, detonation pressure,
detonation velocity, cylinder wall energies and velocities, and a number of
other explosive effects 4 are a function of the parameter 9 which is defined by
the expressionX - NMI/ 2 Ql/2. This appears to be the only instance where a
direct and quantitative relationship has been established between the amount and
character of the detonation gas and explosive performance. Therefore, the
quantity, NMI/ 2 , appeared to be the most reasonable function with which to
study the relationships between detonation gas and other explosive phenomena.
Our next series of plots were, therefore, of impact sensitivity vs. NM1/ 2 .
These plots are shown in Fig. 1-3. In interpreting these and the other impact
sensitivity plots, the statement made about the consistancy of the data should
be noted. Second, since impact sensitivity depends on many other parameters,
only broad trends can reasonably be expected in single parameter correlations
unless this parameter is dominant. The initial objective here was not to obtain
an optimized multiparameter description of impact sensitivity but rather to
discern effects of single molecular properties on it. Thirdly, since impact
sensitivity is a strong function of oxygen balance, it was important to
determine the relationship, if any, between NM1 / 2 and oxygen balance. For the
sake of convenience, we have used the molar number of nitro groups per lOOg of
explosive (N0 2 #)* as an approximate measure of oxygen balance, and the
dependence of impact sensitivity on this parameter for the three classes of

4 See Reference 4 on page 2

* = # of Nitro groups per molecule x 100moLecular weignt

12
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nitro compounds studied here is shown in Figures 4-6. It is seen that the
relationship is qualtatively identical to that found by Kamlet for impact
sensitivity and oixygen balance: in each case, the log1 0h50 decreases
linearly with increasing N02#, with almost identical leasw squares correlation
coefficients (Table 4). The plots of NMI/2 vs. N02 # all shown in
Figures 7-9.

SCompOMrison of Figures 1-3 with Figures 7-9 shows a parallel between the
SI.S./NHI/2 and N)I/ 2 /NO2 # plots: if there is a ;rend in the!NM/2 vs.

NO2# plot, there is also one in the I.$. vs. •Ml/2 plot. This is clearlythe case for the nitroaliphatics; a lesser trend is noted in both plots for the

nitramines, and no trend is apparent in either plot for the aromatic compounds.
This visually detectable parallel is also apparent in the least squaresS~correlation coefficients (Table 4), which increase in the order,

aromatics < nitramines < nitroaliphatics for both series of plots. We interpret
these two sets of plots and the correspondence in correlation coefficients toS~mean that proportionality between I.S. and tNHI/ 2 is observed only when NMI/ 2

is a function of N02 #, and that this proportionality is basically one between
I.S. and N02 #. In other words, if NM / 2 could be varied with no change of
N02#, there would be no effect on impact sensitivity. Whether this finding
has utility in the design of new IHPE molecules has not yet been ascertained.

The above conclusion is substantiated by the results of simultaneous
2-parameter least squares fits of impact sensitivity to N02 # and NM1/ 2 for
the three classes of compounds. The equations and coefficients are as follows:

Nitramines

r 1og10 5h0 - 4.512 - 1.224(N0 2 #) - 0.085(NMI/ 2 )

correlation coefficient 0.67

Aromatics

logl 0 h5 o - 3.764 - 1.739(NO2#) + 0.021(NM1 / 2 )

correlation coefficient 0.62

Aliphatics

logloh5 o * 4.636 - 0.809(NO2 #) - 0.123(NM1/ 2 )

correlation coefficient 0.68

Note that the correlation coefficients are not significantly higher than those
listed in Table 4 for the plots of I.S. against N02# alone (0.65, 0.62, and
0.65). Therefore, treating NM1/ 2 as an additional "independent" variable does
not affect the observed relationship between I.S. and N02#.

13
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The next sets of plots shown in Figures 10-12 and 13-15 are the
corresponding correlations of impact sensitivity with Po, and of P0 with
N02#. Again, as in the case of the N 11 2 plots, there is a parallel between
the two series; i.e. significant correlation for the nitramines and
nitroaliphatics but no correlation for the nitroaromatics. Again, this visual
analysis is confirmed by the least squares correlation coefficients (Table 4).
Using an analogous interpretation, one concludes that impact sensitivity is only
a function of Po to the extent that Po is dependent on the NO2 content of
the molecule. However, the results from 2-parameter least squares fits of
impact sensitivity to N02# and Po are not as clear in their implications:

Nitramines

1ogl 0 h5 o * 5.855 - 0.916(N02 #) - 1.853(Po)

correlation coefficient 0.79

Aromatics

logl 0 h5 o a 4.403 - 1.704(NO2#) - 0.222(Po)

correlation coefficient 0.62

Aliphatics

logl 0 h50 - 5.480 - 0.861(N0 2#) - 1.624(Po)

correlation coefficient 0.74

Adding Po as a second "independent" variable has no effect on the correlation
coefficient between I.S. and N02# for the aromatic compounds. However, this
action increases the correlation coefficient for the nitramines from 0.65 to
0.79 and nitroaliphatics from 0.65 to 0.74.

Whether this increase is significant is not clear, but greater caution is
S required in the interpretation of the I.S. vs Po plots than for the I.S. vs

NMI/2 correlations. Certainly, among the aromatic compounds, no sensitivity
penalty is to be expected when performance is maximized by choosing the densest
compound at any selected nitro group content. For the other classes of
compounds, Figures 10 and 12 indicate that I.S. is, at worst, a linear function
of Po. When performance parameters are functions of a higher power of Po,
as is the case in metal acceleration, high density compounds will permit
favorable performance sensitivity trade-offs in these classes as well.

Holden8 has recently developed an empirical method for the calculation of
crystal densities of nitro compounbs from chemical composition and bonding
environments of the constituent atoms. This method, because it rests on a large

8See Reference 8 on page 7
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data base, permits a meaningful identification of compounds with "exceptional
-neities", i.e., densities that are larger or smaller than the norm for a given
emical composition and molecular'structure. It was of interest in the present

:ontext to examine the relationship between impact sensitivity end Ap, the
difference between observed and nalculated density. These plots are shown in
Figures 16-18. Both visual analysis and least squares correlation coefficients
(Table 4) indicate little correlation and an inverse relationship, if any
(tendency toward decreased I.S. with increasing ap). This observation is
substantiated by the following 3-parameter least squares fits of I.S. to N02#,
NM1/2 and 4p.

Nitramines

1Og 1 0 h5 0 a 4.409 - L.181(N0 2 #) - 0.083(NM1 / 2 ) + 0.713(Ap)

correlation coefficient 0.68

Aromatics

lOg 10 h5 0 - 3.655 - 1.639(N0 2#) + 0.019(NM1 / 2 ) + 0.560(Ap )

correlation coefficient 0.63

Aliphatics

logl 0 h5 0 a 4.602 - 0.849(NO2#) - 0.116(NM1/2) + 0.7411(4p)

correlation coefficient 0.69

As can be seen, the correlation coefficients are only insignificantly higher
than those for the I.S. fits to N02# and NM1 / 2 (0.67, 0.62 and 0.68).

These results indicate that Ap does not have a significant effect on impact
sensitivity. The positive values of the Ap coefficients in the least squares
equations above suggest that if Ap has any effect, it is that positive values
tend to lower the sensitivity (produce larger values of logloh5 o).
Therefore, explosive performance can be increased with no sensitivity penalty by
choosing compounds with exceptionally high densities for their molecular
composition; that is compounds with large, positive values of Ap.

A curious feature of the correlations carried out here is the similarity in
the variation of the correlation coefficients for the I.S. vs NH1/ 2 and the
I.S. vs Po plots among the three classes, i.e., significant correlations for
the nitramines and nitroaliphatics, but no correlation for the nitroaromatics in
both series. Whether this is coincidence or a pecularity of the set of
compounds used in this work is not clear at this point.

It is of interest to examine the structures of those compounds which show
the largest positive deviation from the regression lines in the I.S.i/P and
the I.S./NM1/ 2 plots, and are thus the least sensitive for a given NM172 or
PO. These compounds are listed in Tables 5, 6, and 7. In the aromatic
series, because of lack of correlations, these compounds are those with the
lowest impact sensitivities, and are the same for both plots. However, it is

15
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noted that even for the nitramines and the nitroaliphatic compounds the same
exceptional structures are often present in both the HM1/2 and po plots. In
these cases a likely reason is the dependence of both N1[/2 and PO on
N02#, and indeed many of these compounds are also exceptional in the
I.S1/NO2 # plots. Beyond this, the structures in the three series of compounds
appear to have little else in common. The structures common to the NM1/2 and
po plots should represent potential IHPE's and are worthy of further
investigation.

16
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SUMMARY AND CONCLUSIONS

Significant positive trends have been observed for correlations of impact
sensitivity (I.S.) with N02#, Pos, NMI/ 2 , and of N02# with Po and
NMI/ 2 for series of polynitroaliphatic compounds and nitramines. The trends
in I.S. with NM/ 2 and 0O appear to be caused by the dependence of all three
parameters on the NO2 #. 4p, an increment of exceptional density, is found to
be independent of I.S., or may decrease it slightly.

By contrast, in a series of polynitroaromatic compounds, the only

correlations exhibiting significant trends are between I.S. and N02#.

The trends observed are in general quite broad. This is believed to be due,
in part, to variations in the conditions under which the impact sensitivities
were determined. Despite this shortcoming inherent to the data set, a number of
tentative conclusions relevant to the design of IHPE's are drawn from the
correlations carried out herein, and are offered for consideration:

1. The overriding factor determining both performance in metal acceleration
and impact sensitivity is the N02 #, or more generally the oxygen balance of
the compound.

2. To the extent that NM1 / 2 and/or Po can be increased independent of
N02#, favorable performance/sensitivity ratios should be possible. This
appears most feasible for polynitroaromatic compounds because of a general
absence of significant correlations between Po, NMI/2, and N02#.

3. Other possibilities for increasing performance without paying a penalty
in I.S. are compounds with exceptionally high crystal densities, compounds with
exceptionally high products I.5. x NMI/~ and 1.S. x Po, and possibly
compounds with high NMI/ 2 for a given N02# (the existence of the latter type
of compounds has not been ascertained).

17
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FUTUIRE PLANS

The remaining important molecular property which undoubtedly affects both
I.S. and performance, and which has not been considered here, is the energy of
detonation (Q). In future efforts correlations involving this quantity and I.S.
will be attempted.

18
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TABLE 4. LEAST SQUARES CORRELATION COEFFICIENTS AND LANK
DIFFERENCE COEFFICIENTS FOR ONE-PARAMETER CORRELATIONS

"plot I.S./ m1/2,1! .s./ .s./
Clae NO2 # / N 2# Po N02# Ap

Nitramines -0.65 -0.41 0.40 -0.68 0.44 0.24
-0.61 -0.5k 0.48 -0.71 0.44 0.19

Nilroaromatics -0.62 -0.11 0.28 -0.01 0.08 0.31
-0.55 -0.14 0.21 -0.04 0.04 0.25

Nitroaliphatics -0.65 -0.63 0.81 -0.64 0.56 0.09
-0.63 -0.64 0.68 -0.65 0.57 0.15
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TABLE 5. EXCEPTIONAL COMPOUNDS - NITRAMINES*

Compds from Fig. 1 loh050  Compds from Fis. 10 loho50  Compda from Fig. 4

(I.S./NMI/2) xNMl/2 (I.S./po) Xpo (I.S./N02 #)

CX CH 36,0 386 CH CX CH _-Cl,

3 2 212 3 2 2 12

CX Cli N'-OCH CH on./, CHi CX CHi N-CU
3 2 N NHX 3221 2

0x

CH3 OCH2 NCH 36.8 CH CH2 CX CHl 3.24 SANE

CH OCH NCH/N-X CH CH CX CH0N'X

3 21 2 3 2 2 2
X

CH3 CX 2CH2 CH2 N-C? 35.5 SAME 3.55 SAME

qs 2
9X2
CR2

CH CX CH CHl N-CO
3 2 2 21 U

xO

CX CH OCH CH N 34.6 SAME 3.61 SAME
32 221

9lH2
C(H2

CX CH OCCH CH N3 2• 2 2X'

x x
CH ACH CH N-C-0 3.31 0 NOCH CH CH CX CHl

3 2 2 2 2 2 2 2
N-X

Cli NCR CR N-CwO 0 NOCH CHi CH CX CH-'
31 2 2' 2 22 22 2
K x

CH-3 CH-CH-2 34.6 SAME 3.12 SAME3 2 2

*x - NO2

"SAME" means the nearest structure to the left
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TABLE 6. EXCEPTIONAL COMPOUNDS- NITROAROMATICS*

logh50 10oh 50

Structure x tN 1 / 2  xpo

TATB 38.1 4.86

DATB 37.2 4.60

Fluoro - DATB 35.8 4.57

N X 35.6 3.67

!
CH 3

1•2
SX 35.2 4.47

x
F4F

x

2,2-Dinitropropyl 34.2 --

trinitrobenzoate

-N - N
S'X33 .4 3 .97

6H270 NO2

P icramide 32.4 3.96

Trinitro-m-cresol 32.0 3.85

Diamino picric Acid -- 4.09

•X NO2
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TABLE 7. EXCEPTIONAL COMPOUNDS - 14ITROALIPHATICS*

Compda from Fig. 3 logh5O Compd* from Fig. 12 o1h 50  Compds from Fig. 6

(I.S./NK1 / 2 ) xNM1 / 2  (I.S./to) xpo (1.S./N0 2#)

CX C" N°'CI/ CH2 36.1 Cx 3.77

cx3C112NHOCH 22 H2 HO OH 3

3 2 11 2 2
0

2,2-Dinitropropyl 35.8 SAME 3.66 SAME
4,4,4-trinitro-
butyrate

Trinitroethyl 34.4 SAME 3.55 SAME
4,4-dinitrohexa-
noate

CX CH CH FO-CH 33.5 SAME 3.39S3 2 2 1 2

CX CHI CH 90-CH
3 2 211 2

CX CH CH C-NH 33.4 SAME 3.46 SAME3 2 2
3222

CX3CH 2CH2-<

p 0

CX g-NH-C H 33.2
3 37

2,2-Dinitrobutyl 32.2 SAME
4,4,4-trinitro-
butyrate

Bis (2,2-Dinitro- 32.4 SAME
propyl)
4,4,4-trinitro -

butyramide

i-- NO 2

"SAME" means the nearest struture to the left.
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